In 60 mothers with normal placental functionj the relative merits of right and left lateral tilt during Caesarean section were assessed. Maternal-foetal biochemical values and relationships were generally more satisfactory with the left lateral position. The incidence of hypotension (revealed aorto-caval occlusion) before and after induction of anaesthesia, was significantly greater (P < 0.001) with the "right side down" posture.
chemical status of the newborn. Gestational age was between 38 and 42 weeks, confirmed by the presence of a lecithin-sphingomeylin amniotic ratio greater than 2.5. Multiple pregnancies and mothers with a breech presentation were excluded. At the time of study women were not in labour and the membranes were intact.
Patients with an even hospital number were allocated to a right-side-down tilt, and encouraged to remain on their right side both during the journey to the theatre and in the anteroom. This constitutes the "journey tilt" as described by Crawford, Burton and Davies (1973) , and tends to alleviate any concealed caval occlusion that might be present before operation. During anaesthesia and surgery, a foam rubber wedge producing a 15° tilt was placed under the left buttock. Those mothers with an odd hospital number lay on the left side during transit and were tilted to the left on the operating table.
A standard anaesthetic technique was used in all patients. Each received 15 ml mist, magnesium trisilicate B.P.C. by mouth 30 min before surgery. Before operation 500 ml of a balanced salt solution was infused to compensate for overnight dehydration. Preoxygenation was conducted for 3-4 min during which atropine 0.6 mg, metoclopramide 10 mg (Brock-Utne et al., 1976 ) and a desensitizing dose of pancuronium bromide (1 mg) were given i.v.
An assistant applied pressure to the cricoid cartilage (Sellick, 1961) , and anaesthesia was induced by the i.v. injection of a freshly prepared thiopentonesuxamethonium mixture (Khawaja, 1971; Downing et al., 1974) . The dose of thiopentone was 3.5 mg/kg body weight to a maximum of 300 mg, and that of suxamethonium, 1.75 mg/kg. Subsequently, anaesthesia was maintained throughout the operation with 50% nitrous oxide in oxygen (monitored with an Ohio Airco Model 600 oxygen analyser), and enflurane 0.5-0.8% (Coleman and Downing, 1975) . Following delivery of the infant, pethidine 50 mg was administered i.v.
Ventilation of the lungs was controlled mechanically using a Manley ventilator delivering an expired minute volume of 130 ml/kg (Ohio Respiration Monitor) calculated to maintain Pa CO2 = 4.25 kPa. Further muscle relaxation was obtained by injecting pancuronium 2-4 mg i.v. At the end of surgery, the pancuronium was antagonized with neostigmine 3.75 mg combined with atropine 1.2 mg.
Arterial pressure was measured by the Riva-Rocci method and decreases of more than 20 mm Hg before induction, suggesting revealed caval occlusion (Crawford, Burton and Davies, 1972) , were noted and corrected by tilting the mother to the opposite side. These patients were excluded from the trial as their homeostatic ability was considered to be compromised. Significant hypotension following commencement of anaesthesia, indicating the conversion of "concealed" to "revealed" caval occlusion (Crawford, Burton and Davies, 1972) following the injection of thiopentone, was treated by both the rapid infusion of a balanced salt solution and decreasing the inspired concentration of enflurane. In contrast, a sustained increase of arterial pressure of greater than 20 mm Hg following the birth of the infant was observed in some cases, implying the presence of concealed caval occlusion during anaesthesia but before delivery.
The blood-gas values of the maternal arterial blood (Ma) at the time of delivery, and of the foetal umbilical vein (Uv) and umbilical artery (Ua) blood obtained from a double-clamped loop of cord, were analysed using an International Laboratories IL 413 Blood-Gas Analyser. The base excess (BE) values were determined from a Severinghaus slide rule (BGCI) (Siggaard-Andersen, 1963) . Corrections were made for the degree of haemoglobin desaturation in the newborn, using the nomogram prepared by Hellegers and Schruefer (1961) .
Following birth, the infants were awarded an Apgar score modified to exclude points for skin colour (A-C) (Crawford, Davies and Pearson, 1973) . As the Apgar score is not a continuous measurement, the time to sustained respiration (TSR) was measured accurately by a stop-watch, to allow a quantitative assessment of neonatal condition at birth. The subsequent management of newborn infants by us has been described previously (Downing, et. al., 1974) .
RESULTS
The mothers (table I) The average maternal weight and age, and the average induction dose of thiopentone were similar in the two groups.
The effects of right or left tilt on maternal arterial pressures are illustrated in figure 1. The largest group of patients was normotensive; they appeared to be stable from the cardiovascular point of view except for obvious episodes of altered arterial pressure following the i.v. injection of ergometrine 0.5 mg after delivery or associated with excessive surgical blood loss. There emerged three other distinct categories in terms of maternal arterial pressure changes. Four patients were omitted from the trial because of the presence of maternal supine hypotension before induction of anaesthesia; all were in the right-tilt group. Revealed caval occlusion following thiopentone injection (significant decrease in arterial pressure immediately after the induction of anaesthesia) occurred in nine of the patients tilted to the right and in only two positioned to the left. Two patients with concealed caval occlusion during anaesthesia (sudden marked increase in arterial pressure after delivery of the foetus) were in the right-tilted group. A chi-square test indicated that these results occurred more frequently (P<0.001) in the mothers tilted to the right. We compared the Apgar scores of the infants from the hypotensive group with those from the normotensive group, but no significant differences emerged.
The infants (table II) The average induction to delivery (I-D) and uterine-incision to delivery (U-D) intervals were similar in the two groups. The time to sustained respiration was slightly longer in the left-tilt group, but this group included one infant born following a U-D interval of 4 min 7 s who breathed satisfactorily only after 420 s; corrected TSR for the left tilted group, excluding this baby, was 27.3 s. Correlation coefficients for the I-D and U-D intervals versus foetal blood-gas values and maternal to foetal blood-gas differences are in table III. The I-D intervals were unrelated to values obtained in the left-tilt group, with the exception of (Ma-Ua) base excess. In contrast, there was a significant tendency towards increasing foetal acidaemia and widening of the maternal to foetal metabolic differences with prolongation of the I-D interval in the right-tilt group. The U-D interval, which Crawford, Burton and Davies (1973) found to be more indicative of the surgeon's operating skill than the actual difficulty experienced in delivering the infant, correlated positively with the right-tilt Uv Pco 2 values and (Ma-Ua) [H+] only.
To establish any statistically significant difference between the 2-min Apgar ratings of the newborn in the two groups, A-C scores were divided into three categories ( fig. 1) . A-C score of (l-3)/8, the infant requiring vigorous resuscitation, was present in only one instance (left-tilt series) and the prolonged U-D interval, as mentioned above, may have been contributory. A second category, A-C = (4-6)/8, represented moderately depressed infants; four were delivered following a right tilt and one following a left tilt. The last group included lusty infants scoring A-C = (7-8)/8. Despite these divisions, no significant difference in the Apgar ratings could be demonstrated between the left-and right-tilt groups.
Biochemical status of mother and foetus
The mean maternal arterial (Ma) blood-gas and acid-base values at delivery are in Correlations are different from zero at a probability level of: * P < 0.05; * * P < 0.01; ***P< 0.001.
DISCUSSION

Clinical effects of tilting to left or right
The adverse effects of inferior vena caval and aortic compression by the gravid uterus have been recognized for many years (Kerr, Scott and Samuel, 1964; Bieniartz et al., 1968) . Crawford and his colleagues demonstrated clearly the value of lateral tilt in 1972, and suggested later, as a refinement to the anaesthetic technique, the "journey tilt" (Crawford, Burton and Davies, 1973) . Although several investigations of lower limb arterial pressures and blood flow (Drummond et al., 1974; Eckstein and Marx, 1974; Downing and Bees, 1976) have revealed the advantages of the left tilt, its use at Caesarean section is still not accepted.
Comparison of the arterial pressure changes observed in our two groups revealed a significantly greater (P<0.001) frequency of cardiovascular instability in those tilted to the right. Clinical assessment of the infants using the modified Apgar score and time to sustained respiration, however, disclosed no difference in the status of the newborn in the two series. Comparison of the patients with evidence of aorto-cavaJ occlusion with those from both groups who exhibited no instability, failed to reveal any difference in either the maternal or the foetal bloodgas measurements. The mean I-D and U-D intervals of the 60 patients were 10.4 min and 68.5 s respectively, values which compare favourably with those of Crawford, Burton and Davies (1972) who found average intervals of 15.5 min (I-D) and 110.7 s (U-D).
Following aorto-caval compression, the mother preserves cardiovascular homeostasis by peripheral vasoconstriction, including the vessels which supply the placenta. Concurrent obstruction to the venous outflow from the placenta and uterus will reduce the efficiency with which the foetus can exchange respiratory gases. The consequence of this will be even more pronounced in the patient with preeclampsia with a contracted blood volume, in the patient with heart disease and in those suffering from shock. In our experience, the obese patient also appears to be at risk from the adverse effects of caval occlusion.
Biochemical effects of left and right patient tilt
The maternal-to-foetal blood-gas and acid-base relationships are normally in a state of flux. Surgery per se will disturb the utero-placental circulation and umbilical flow (Lumley, Walker and Marum, 1970) . Our study allowed sampling of foetal and maternal blood on only one occasion, representative of the maternal-foetal exchange at the moment of delivery. We consider, however, that maternal blood-gas tensions were maintained virtually unchanged during anaesthesia; therefore the differences between the two foetal groups are probably important.
The passage of gas across the placenta is influenced by many factors (Bartels, Moll and Metcalfe, 1962) . Most of these, such as the surface area of the placenta, the thickness of the placental membrane and the haemoglobin concentration, are unchanging for any individual patient. We have demonstrated a clear difference in the placental respiratory function of the two groups as indicated by the increased Uv [H + ], Pco 2 and BE in the right-tilt group. The main reason for the changes would appear to be disturbances in the uterine and placental blood flow resulting from varying degrees of aorto-caval occlusion in the right-tilt position.
Another index of well-matched foetal-placental circulation is the biochemical relationship of maternal to umbilical cord blood. In this study, a close relationship was noted for [H+] , and BE in both groups. There is uncertainty as to the speed of equilibrium of fixed acids across the placenta, but it is accepted that there is little delay in attaining equilibrium for carbon dioxide (Stenger et al., 1964; Newman, Braid and Wood, 1967) . It would appear to be important that a significant correlation existed between the maternal arterial and umbilical cord Pco 2 in the left-tilt series, whereas none occurred in the right-tilt group.
Foetal well-being, as denoted by the Ua samples (Dawes, Mott, and Widdicombe, 1954; James et al., 1958) , was similar in both groups. The infants in this series, however, were expected to be in good condition, and might have been able to compensate for the adverse effects of aorto-caval occlusion on the Uv changes resulting from the use of right lateral tilt. When the foetus is compromised already by the intrauterine environment, such adaptation would be less likely. Further deterioration causes a vicious circle leading ultimately to severe neonatal depression.
Therefore, we believe that where maternal, placental or foetal causes place the infant at risk, significant benefit can be obtained by performing the Caesarean section in the left lateral tilt position, with the wedge placed under the right hip. The advantage thus gained in avoiding aorto-caval occlusion, which might further compromise the foetus, easily offsets any increased technical difficulties faced by the surgeon.
LATERALE NEIGUNG NACH RECHTS ODER LINKS BEI KAISERSCHNITT
ZUSAMMENFASSUNG
Bei 60 Miittem mit normaler Plazentafunktion wurden die relativen Vorteile einer lateralen Neigung nach rechts oder nach links wahrend eines Kaiserschnitts beurteilt. Die miitterlich-fotalen biochemischen Werte und Beziehungen zeigten sich im allgemeinen befriedigender bei der lateralen Neigung nach links. Das Auftreten von Hypotension vor und nach der Narkoseeinleitung war bei der Neigung nach rechts wesentlich hoher (P< 0,001).
INCLINACION LATERAL DERECHA O IZQUIERDA PARA OPERACIONES CESAREAS
SUMARIO
En 60 madres con funcion placental normal, se estudiaron los meritos relativos de inclination lateral derecha o izquierda durante operaciones cesareas. Los valores y relaciones bioquimicos maternales-fetales resultaron generalmente mas satisfactorios con la posicion lateral izquierda. La incidencia de hipotension (oclusion aortocaval revelada) antes y despues de la induccion de anestesia resulto significativamente mayor (P< 0,001) con la posicion "costado derecho hacia abajo".
